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Abgract

W& can observe various kinds of interaction among members of
a learning group during collaborative learning session. It is
difficult for even human usersto analyze themin order to clarify
what types of collaboration have occurred in the sesson and
what educational benefits have been expected for the members
through the sesson. So, we propose an interaction analyss
support system that helps users to abdract essence of
interaction from raw protocol data, and to undergand what
types of collaboration have been occurred in the sesson, and
then infers educational benefits expected to be gained by the
membersthrough the interaction process

1: Introduction

Many of software designers of CSCL (Computer-Supported
Callaboretive Learning) environment have been suffering from
complex and subtle educationd requirements offered by clients.
One of mgor causes of the problem they face is the lack of
shared understanding of collaborative learning. We do not know
what design rationae of CSCL environment is and even do not
have common vocabulary to describe what the collaborative
learning is In this research, we are aming at supporting such
complex indructiond design (ID) process of CSCL. To fulfill
the aim we have been condructing an ontology to represent
CSCL sesson[5,6,7,16]. The ontology will work as vocabulary
to describe the session and provide design petterns referred to
during the ingtructional design process. With the ontology, we
can represent many kinds of CSCL sessons in terms of
common vocabulary. It will fadlitate users  shared
undergandings of CSCL sessons, and reuse of learning
scenarios of the sessons [10,11]. It is important to store and
provide effective learning scenarios as design patterns. As the
fird step to fulfill our am, we adopt learning theories as
foundation to andyze, design, and develop the learning sessions.
The design patterns inspired by the theories provide design
rationalefor CSCL design.

Currently, laying the ontology and CSCL models formulated
in terms of the ontology as bad's, we have been conducting a
project aming a developing various kinds of ID support
sysems for CSCL. For example, we have been congructing a
group formation support system (TGF support system) [8] for
the design phase a flexible learning environment with
multi-agent system (FITS'CL based on OGF) [6] for design,
devdlopment, and implementation phase, a learning materias
authoring tool for development phase, and an interaction
andlysis support sysem (TIA support system) for the andlyzing
phase. In this paper, we introduce the “Theory-based Interaction
Andysis (TIA)" support sysem. Because interaction processes

among learners are complex and the paiterns of the interaction
cannot be captured by a ample modd, it is difficult for even
human users to andyze the interaction processss in order to
clarify what types of collaboration have occurred in the session
and what educationdl benefits' have been expected for the
members through the sesson[1,9,12,15] So, we propose an
interaction analyd's support system that helps users to abgtract
essence of interaction from raw protocol data, and to undergtand
what types of collaboration have been occurred in the sesson,
and then infers educationd benefits expected to be gained by the
membersthrough the interaction process.

This paper is organized asfollows; first, we describe what the
interaction andysis is and why the interaction andysis is
difficult for educationd practitioners and CSCL designers. Next,
we propose an interaction andysis support sysem to reduce the
difficulties, and interaction patterns thet are core parts of the
system.

2: Interaction Analysis

Thekey to understanding CSCL liesin underganding therich
interaction between individuals [4]. So, interaction andyss has
been gathering focuses from many reseerchers[1,9,12,13,15]. In
this section, we describe amodd of interaction analys's process
that we congder, and then difficultiesin the process

2.1: What isInteraction Analyss?

Once a learning session is done, the designer of the session
(eg, an educaiond practitioner or a collaborative learning
sysem designer) will want to know whether the sesson is
effective or not for the learners, and what educationd benefit the
learners get through the session. Moreover, if it was not effective,
then the designer will want to know reason why it was not. In
collaborative learning sesson, andlyss of interaction process
among learners is quite important for assessment, because the
learners get some educationd benefits through the interaction:
What bendfit a learner can get depends on how the learner
interacts with the others To darify the educationd effects, the
designer will collect protocol data of the session, abstract
essences from the protocol data, and then estimate the effects
based on the abdracted interaction data We focus on verba
interaction among learners, and aim a supporting anadyss of
protocol deta.

We congder human-user's andys's process of protocol deta
asHg.l Frg, the user will collect learners protocol data during

1 Wemesn educationd benefits as each leamer’s personal development like
knowledgeacquisition and skill development.



L ,: proposition
Lg: question
L¢: question
L, answer

tagged protocol data

tag each protocol characterize the sesson
datum IEI
collect log data
|E| Q- provide new idea
g% compare the datawith Ly - workasaleader
K csoL g planned legtning scenario g - not active
A g Ly Ly
L D - work as a helper
© = forl,
raw data
(protocol) |E| characteristics of
the group

[

learning scenario
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collaborative learning sesson (Fig.1 &). The protocol data cover
al messages exchanging among learners but they are too
complex to capture what types of interaction have occurred in
the sesson. Next, the user will try to abstract essences
characterizing the session from the protocol data (Fig.1 b). To
tag each protocol datum is one of the most popular ways for it,
and we adopt it. The user will characterize the sesson and
capture what types of interaction have occurred in the sesson
through andlydis of the tagged protocol deta (Fig.1 ). Findly,
the usr will edimate effectiveness of the sesson and
educationd benfits each learner will get through the sesson
(Fig.1 d). If the user designed collaborative learning scenario
before the sesson started, the user may want to know whether
the sesson goes dong with the scenario or not (Fig.1 €).

2.2: Why isthelInteraction Analyssdifficult?

We condder difficulties of interaction andyssasfollows
Tagging phase The arrow-b in Fig.1 represents tagging phese.
User will use utterance-labels to tag each protocol datum.
Although each utterance usng natura language is concrete and
informative, it is difficult to capture what roles the learners
played and what types of interaction occurred in the session. By
aubdiituting  utterance-labels for raw protocol data, it will
become eader to gragp flow of interaction and esch learner’s
activities. There are different sets of utterance-labels and
sentence-openers. There are severd problems. (1) Difficulty in
sdecting a labd set: Since it is not dear what set of labds
represents what types of interaction, and supports what anadysis,
usars cannot sdect a labd-st eesly. (2) Difficulty in tagging
eech protocol datum with alabel: If alabe means very abgract
concept, it is not easy for users to tag protocol data with the
labds, and dmog protocol data will be tagged with the same
labd. Then, it will be difficult to diginguish the types of
interaction. Conversdy, if each labd means very concrete
concept, it will be easier for users to tag protocol data with the
labels. However, the labels may not characterize the learning
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sesson and a difficulty of andyss is much the
same with andlysis of raw protocol data So,
goproprigte  labe-st should stify  the
following condraints (1) it should be clear the
range of analyss supporting with the labe st
(2) each labd should mean concrete and
diginguishable concept for supporting usar’s
tagging activity, a the same time, labels should
represent abstract concepts for characterizing
learning sessions

Characterizing phase The arow-c in Figl
represents characterizing phase. Skilled teechers
will be ableto extract essence of interaction, and
capture what types of interaction have occurred
Although it becomes essier to cgpture wha
tendency an interaction process has, from the
sequence of utterance-labels rather than from
the raw protocol data, it is ill difficult for
sysem designersand novice teachers
Edimating phase: The arrow-d in Fg.1 shows
edimating phase It is difficult to etimate
educationd benefits for each learner dearly
from andysis of interaction process even if the
user can characterize the session. Similar to the characterizing
phese, skilled teecherswill be gble to do, but it is il difficult to
explain clearly how to esimate them and reason why the benefit
can be expected.

Comparing phase: The arrow-e in Fg.1 represents comparing
phase Itisdifficult to assessif theinteraction process goesaong
with the planned scenario. The scenario represents not specific
interaction process which can be represented as a sequence of
specific utterance-labels, but learning plan which includes roles
for learners, learning meterids, learning tasks, tools, and so on.
Thelearning scenario istoo abdract to compare with interaction
process.

To reduce the difficulties, we gpply ontologica engineering to
these problems and rely on existing learning theories asrationde.
Concerning the difficulty in the tagging phase, we sdect
utterance-labd s through investigetion. The label-set is prepared
to represent severa types of collaborative learning sessions. We
clugter the utterance-labds to adjust the level of abgraction of
the labels according to the purpose of udng the labds
Concerning the difficulties in the characteriaing phase,
edimating phase, and conparing phase, we condruct
interaction petterns which are modds of typicd interaction
proceses among learners. The patterns are represented with
utterance-labds a an abdract level (we cal the labds of this
leve “utterance-types’). We construct severd types of patterns
relying on learning theories as rationde. Next section, we
describe a sysem to support users interaction andyss, which
we cal “Theory-basad Interaction Andys's Support System (in
short, TIA support sysem)”, with the dlugter of utterance-labels
and theinteraction patterns
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3. Theory-basad Interaction Analyss Support
Sysem

The CSCL designers or educationd practitioners will have
severd learning gods for learners, plan learning scenario based
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Fig.2 Theory-based Interaction Analysis Support
System

on the gods, and set up learning sessons with the scenario.
However, collaborative learning process does not aways
progress in accordance with the scenario and it is difficult to
know whether the learners atain the god or not. Here, we
propose a sysem which supports human usr’s interaction
andysisprocess. The system identifies whether the collaborative
learning process is carried on in accordance with the scenario,
and shows to the users its result as dues to judge whether the
learning godsare atained or not. Inthis section, we describethe
overview of the sysem, and then, we show utterance-labels,
utterance-types and interaction paterns

31: Overview of Theory-basad Interaction Analyss
Support Sysem

Fg.2 shows overview of the TIA support sysem. Before
andlyzing learning process, a user (eg., a CSCL desgner or an
educationd practitioner) inputs learning goasto the system, and
assigns expected role to esch leaner. Next, the user loads
protocol datainto the system tc
tag the data. Fig.3 shows the
interface of the system in
tagging phese. The left part of
thewindow showslearners raw
protocol data with Speskers
names in segquence. The us
sdects a protocol, and tags it
with alabd. The center part of
the window shows
utterance-labes The
utterance-labdls are provided &
a dropdown menu in the |} + TH A%
combo-box. The user converts |- T T
rav protocol data into e 'Y i
sequence of utterance-labels by

sdecting gopropriate

utterance-labds from the menu. The right part of the window
showsthe sequence of utterance-labels

When the user finishes tagging the protocal, the system can
begin andysisthe learning session. Theright half of thewindow
in Fig4 shows result of analyds (the left half of the window is
cut off in the figure, because it il shows raw protocol datalike
fig. 3). The system searches an interaction pattern suitable to the
learning god which is given by the user to the system at the
beginning of andysis. The interaction pattern means a typica
interaction processto attain the goa. The utterance- abel stagged
to protocol deta are converted to utterance-types in order to
abdract the interaction process, and the sequence of the
utterance-types is compared with the interaction pattern. Thetop
of thewindow in Fig.4 showsaditribution of utterance-typesin
the sequence. One box means an utterance, and the boxes are
color-coded depending on the result of the comparison;
navy-blue, sky-blue and gray. The navy-blue boxes mean the
utterances are necessary to attain the learning god, the sky-blue
boxes mean the utterances are not away's necessary but desired,
and the gray boxes mean the utterances do not match the
interaction pattern. The bottom of the window shows datistical
data of learners interaction. In this type of interaction andysis,
users designed a learning scenario before the learning session
started, and the user would expect to each learner to play a
specific rale (e.g., tutor, apprentice) in the learning sesson. The
gysem illudrates the results whether each learner plays the
assigned role or not, and whether designed type of learning is
accomplished or not. If the sequence of utterance-types matches
with the interaction pattern, the cirde, which means the group,
appears as ky-blue. On the other hand, if the sequence does not
match, gray circle appears. Smilaly, if alearner plays assigned
role well, the character, which means the learner, appears as
sky-blue if the learners does not behave well, the character
gopears as gray one. If the usr sdects one character in the
window, then the character is colored as ydlow and the
proportion of the number of the learner’s utterance to total
number of utteranceisilludrated in the window as a bar graph.
If the usr dicks the bar graph, it is broken down into the
proportions of the number of necessary utterance, desired
utterance, and other utterance. The system can show more
detailed information on the learner’s utterance according to the
us’s requess for example if the user dicks the “dedred
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utterance’ in the bar graph, the sysem shows utterance-types
classfied into the “desired utterance” and their proportionsto all
“dedred utterance’.

Fig.5 shows detailed informetion of the interaction. The user
can seethese resulits by sdlecting the item “ detail ed information”
from the menu bar. The system shows the interaction pattern
gppropriate to thelearning god at the bottom part of the window
(Fig.5-b), and flow of the interaction at the top of the window
(Fig5-9). The interaction pattern means a typicd interaction
process for the god, and it is represented by utterance-types (as
nodes) and possible trangtions (as arrows) among thetypes The
flow of interaction is represented as a sequence of the
utterance-types which are converted from utterance-labes
tagged by the user in order to abdtract the interaction process.
The utterance-types are color-coded for three types, navy means
necessary utterance-types for the god (it gopears in the
interaction pattern), sky-blue means desired utterance-types (it

agopears in the interaction patern), and gray means the
utterance-types not characterizing the interaction (it does not
gopear in the interaction pattern). If the user sdects an
utterance-type in Fig5-a the sdected utterancetype is
highlighted as yelow, and if the type gopears in the interaction
pattern, the type in the interaction pattern is dso highlighted
smultaneoudy (Fig.5-b).

3.2: Utterance-labds, Utterance-types, and
Interaction Patterns

We prepare two types of vocabulariesto represent interaction
process during collaborative learning; utterance-labels and
utterance-types Users use the utterance-labedls to tag learners
raw protocol data, and the utterance-types are usad by the
system to abstract the interaction process.

To prepare the two vocabularies, firg, we collected protocol
data during Sx types of typica collaborative learning. The gx
types of learning groups are formed ingpired by learning
theories for example, Anchored Indruction [2], Cognitive
Apprenticeship [3], Didributed Cognition [14], and so on. We
have been congructing Collaborative Learning Ontology [5,6]
which is the sysem of concepts to represent collaborative
learning session. Especidly, the Learning Goal Ontology, which
is a pat of the Collaborative Learning Ontology, darifies
learning gods which are expected to learners get through a
collaborative learning session, and rdationships among a
learner’s persond development and interaction process with the
other learners. The ontologies rely on learning theories as the
rationale. We formed the learning groups based on the ontology,
and collected the protocol dataduring the session.

Next, we collected data via WWW to investigate what labels
are needed to tag the protocols which represent six types of
typica collaboretive learning. We showed the protocol data on
the web, and asked CSCL dedgners and educationd
practitioners to tag each protocol datum. We prepared prototype
st of utterance-labels and asked them to sdect one from the
prototype st or to input new labels into the input box for free
words on the web. Next, we duderized the labds with
clugtering andyss method, and then sat a layer to define
utterance-types  The utterance-labds, which are the mogt
concrete leve of the duder, are provided to users to tag raw
protocol data, and the utterance-types are used by the sysem to
characterizing the learning session. The layer is defined as the
utterance-types can represent and characterize eech type of
collaborative learning sesson. The utterance-types are used to
represent  interaction  petterns  which  characterizing  the
collaborative learning sesson. o, it isimportant for the system
to be diginguishable each interaction pattern.

Fig. 6 shows an example of the interaction patterns. The
figure shows typica interaction process which is frequently
obsarved in Cognitive Apprenticeship type of collaborative
learning session. An interaction pattern is represented as
utterance-types (represented as nodes) and possible trangtions
(represented as arrows) between the utterance-types. There are
two types of arrows; the olid arrows mean necessary trangitions
for the learning session and the dotted arrows mean desred
trangtions. We have been condructing the interaction patterns
like this for severd types of callaborative learning sesson. To
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represent typica interaction process like this it becomes
possble to compare red interaction process with typica
interaction process, and help users estimate educationd benefits
forthelearners

4: Summary

We destribe Theory-based Interaction Andysis support
system in this paper. The system provides users the way to
abdract complex interaction process during collaborative
learning sesson. Moreover, the sysem has typica interaction
patterns, which can be expected learners to get educationa
benefits, based on learning theories, and compares learners
interaction processwith the typica interaction patterns

At this stage, we rely on learning theories to condruct
interaction patterns and pick up utterance-labels. For future
work, we will extend the system to embed a module that users
can dore new interaction paterns to the sygem. By this
extenson, the usars use their best practice as typicd
collaborative learning petterns. Moreover, we will congruct a
collaborative learning support sysem in which learners select
utterancelabds or use sentence-openars, and the system
identifies the dtate of collaborative learning and advises the
learnersonther learning.
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